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VALVE FOR AN ADSORPTION HEAT PUMP
AND USE OF THE VALVE IN AN
ADSORPTION HEAT PUMP

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to International Patent
Application No.: PCI/EP2016/057061 filed on Mar. 31,
2016, and German Patent Application No.: DE 10 2015 206

269.4 filed on Apr. 8, 20135, the contents of which are
incorporated herein by reference.

TECHNICAL FIELD

The invention relates to a valve for an adsorption heat
pump with a first channel, a second channel, a third channel,
a first valve unit, which opens and closes the first channel,
and comprises a first valve body and a first valve seat, with
a second valve unit, which opens and closes the second
channel and comprises a second valve body and a second
valve seat. The invention further relates to the use of such a
valve 1n an adsorption heat pump.

Heat pumps are generally operated with a fluid which
vaporizes at low pressure with heat mput, 1n order to
condense again aifter compression to a higher pressure with
heat emission. Thereby, through mechanical work 1n the
form of pressure changes, heat can be transferred from the
vaporization zone to the condensation zone. In adsorption
heat pumps, the pressure differences are achieved 1n that an
adsorption means adsorbs the fluid at a low pressure and
desorbs 1t at a higher pressure. During desorbing, heat 1s
supplied to the adsorption means at a high temperature level
and during adsorbing heat 1s removed from the adsorption
means at a lower temperature level. Thereby, the pressure
differences required for the heat pump can be achieved by
heating and cooling the adsorption means. Therefore, no
mechanical energy, but rather thermal energy 1s used, in
order to operate the heat pump. This process can not be
carried out continuously, because the adsorption means 1s
generally a solid, which must remain 1n situ. For this reason,
adsorption heat pumps are operated discontinuously and
alternate cyclically between adsorption and desorption.

Here, the sorption zone 1s temperature-controlled 1 an
alternating manner by means of a high temperature heat
carrier and by means of a medium temperature heat carrier,
so that the adsorption means alternates in the sorption zone
between adsorption and desorption. For switching over
between adsorption and desorption, 1t 1s known from the
prior art to use rotary valves. Such rotary valves are known
for example from DE 10 2009 036 545 Al and DE 10 2014
211 703 Al. However, such rotary valves have the disad-
vantage that a scaling of the adsorption heat pump 1s not
possible, because the rotary valves are designed for a fixed
number of sorption modules.

From DE 10 2011 003 664 Al an adsorption heat pump
1s known, which has independent valves, 1n order to switch
over between the high temperature heat carrier and the
medium temperature heat carrier. In this configuration, the
possibility of recovering heat which was used during the
heating of the sorption zone i1s very greatly restricted.

From JP 2005 003190 A three-way valve 1s known for
mixing or dividing liquids. The valve has two valve bodies,
which are acted upon by a spring element, which is arranged
between the two valve bodies, with a spring force in the
direction of a respective closure position of the valve bodies.
In addition, the valve has an actuating drive with a control
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rod, which engages through the two valve bodies. Carriers
for the valve bodies are arranged on the control rod, with

which carriers the valve bodies can be moved, 1n order to

control the respective through-tflow. Corresponding valves
are also known from JP 2010 038336 A, WO 2006/092401

Al and WO 2012/108140 Al.

SUMMARY

The present invention 1s based on the problem of improv-
ing the flexibility and the efliciency of an adsorption heat
pump.

This problem 1s solved according to the invention by the
independent claims. Advantageous further developments are
the subject of the dependent claims.

The 1nvention 1s based on the general 1dea of using valves
for the adsorption heat pump which not only switch over
digitally between two states, but can also assume interme-
diate positions, which provide a throttled connection.
Thereby, on a changeover between the desorption phase and
the adsorption phase or vice versa, the respective heat carrier
can firstly be directed 1n a throttled manner through the
sorption zone, so that in a similar manner to as 1 a heat
exchanger, a majority of the heat can be recovered from the
sorption module and transferred to the through-tflowing heat
carrier. It 1s expedient that the valve has a closure position,
in which a first valve unit and a second valve unit are closed,
that the valve has a first open position, 1n which the first
valve unit 1s fully open, that the valve has a second open
position, 1n which the second valve unit 1s fully open, that
the valve has at least one intermediate position, in which one
of the two valve units 1s partially open, and that the valve 1s
designed such that the actuating drive can hold the valve 1n
the closed position, 1n the open positions and 1n the at least
one 1mtermediate position without power. Thereby, the con-
nection of the sorption module to the high temperature heat
carrier and to the medium temperature heat carrier can not
only be switched to and fro, but also through the interme-
diate positions a throttled connection can be produced.
Furthermore, also both connections to the sorption module
can be closed. This enables a very tlexible control of the
adsorption heat pump, so that the efliciency of the adsorption
heat pump can be improved. In particular, a high proportion
of sensitive heat can be recovered from the sorption mod-
ules. Furthermore, the high sorption outputs occurring on the
changeover between adsorption and desorption phase can be
reduced or respectively adapted, 1n order to prevent negative
cllects with outputs which are too high. In addition, through
the fact that the valve can hold the individual positions
without power, the energy consumption which is required
for operating the valves can be reduced, so that overall the
elliciency of the adsorption heat pump can be improved.

In the description and the enclosed claims, “fully open” 1s
understood to mean that a valve 1s open as far as the
geometric characteristics of the valve permit. In particular,
that the greatest possible eflective flow cross-section of the
valve 1s achieved.

In the description and the enclosed claims, “without
power’ 1s understood to mean that no power 1s supplied to
the valve. For example the valve can hold a position without
energy consumption. In the case of an electrically driven
valve, “without power” means, accordingly, currentless,
therefore that no current has to flow in order to hold the
valve 1 a position. Therefore, no electrical power 1s
required.

According to the invention, provision 1s made that the
actuating drive has a stepping motor and a gear unit, wherein
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the stepping motor and the gear unit are designed such that
a currentless holding moment 1s suilicient, in order to hold
the valve 1n the positions. Stepping motors usually have, due
to construction, a certain holding moment at the respective
steps. Through a corresponding transmission of the gear
unit, the holding moment of the actuating drive can thereby
be designed such that the valve pauses in the individual
positions. For this, for example, the holding moment must be
great enough 1n order to be able to recerve the closing force
of the spring element and pressure-induced forces onto the
valve body.

Furthermore, for example, the gear unit can be designed
so as to be self-inhibiting, so that thereby a high holding
moment of the actuating drive can be achieved.

A further favorable possibility makes provision that the
actuating drive comprises a stepping motor-linear drive.
Such a drive 1s particularly well-suited for such a valve,
because the control rod, which influences the valve bodies,
must be moved linearly.

A particularly favorable possibility makes provision that
the actuating drive has centering elements, by which the
control rod and preferably the valve bodies are centered. In
this way, the correct movement of the individual elements
can be improved. In particular, the centering of the valve
bodies to the valve seats can thereby be improved, so that the
sealing of the valve units 1s improved.

A Turther particularly favorable possibility makes provi-
s10n that the centering elements are formed by spring lugs on
the carrier elements. The carrier elements extend from the
control rod radlally outwards, so that a distance of the
control rod to an inner wall of the valve 1s less than for
example the distance between the control rod and the wall.
Thereby, the centering elements can be configured to be
smaller. Consequently, through the arrangement of the cen-
tering elements on the carrier elements, a better centering,
ellect can be achieved.

According to the mnvention, provision 1s made that a valve
opening characteristic of the valve umts, which describes a
flow coellicient depending on an adjustment path, 1s not
linear. In this way, positions in which the valve units are only
partially open can be widened with respect to the adjustment
path, so that particular partial opening regions can be
approached more precisely.

The flow coellicient 1s provided here by the formula:

k,=Q(p/Ap)*~

Here, k 1s the flow coellicient, Q 1s the effective opening
cross-section, which takes into account geometrlc flow
cllects, p 1s the density and Ap 1s the pressure diflerence
between inlet and outlet of the valve.

A further advantageous solution makes provision that the
valve opening characteristic has a gradient which varies over
the adjustment path. In this way, particular regions of the
characteristic can be approached more precisely. In regions
with a smaller gradient, the tlow coetlicient alters depending,
on the adjustment path less than in regions with a greater
gradient. Consequently, 1n regions with a smaller gradient, a
more precise adjustment of the flow coellicient 1s possible.

A particularly advantageous solution makes provision that
the gradient of the valve opening characteristic becomes
greater with a rising adjustment path. Thereby, small open-
ing values of the valve units can be approached more
precisely and nevertheless the overall adjustment path can
thereby be reduced, because with large degrees of opening,
of the valve units a high accuracy i1s no longer necessary.

According to the ivention, provision 1s made that the
valve opening characteristic has at least one tlattened region,
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in particular a step. This can be advantageous 11 a defined
degree of opening or tlow coellicient 1s to be able to be set.

Thereby, a tolerance range occurs for the adjustment path, by
the flow coellicient remaining approximately constant.

A favorable variant makes provision that at least one of
the valve bodies has a valve surface which runs 1n such a
way that an angle of the valve surface to an axis of the
respective valve unit varies 1n an axial direction. On opening
of the valve unit, an annular gap forms between the valve
body and the valve seat. The cross-sectional area of this
annular gap determines substantially the flow coeflicient.
The inclination, therefore the angle of the valve surface to
the axis of the respective valve unit, determines the rate by
which the area of the annular gap increases, depending on
the adjustment path of the valve body in axial direction.
Through the fact that the angle of the valve surface to the
axis varies 1n axial direction, the dependence between the
area of the annular gap and the adjustment path 1s therefore
varied, so that thereby the valve opening characteristic of the
valve units can be adjusted.

A particularly favorable variant makes provision that the
first channel, the second channel and the third channel open
respectively 1n a central chamber. Thereby, through the first
valve unit, a fluidic connection between the first channel and
the third channel can be controlled, and through the second
valve unit a fluidic connection between the second channel
and the third channel can be controlled. Thereby, for
example, a sorption module connected to the third channel
can be switched to and fro alternately with a high tempera-
ture heat carrier connected to the first channel and a medium
temperature heat carrier connected to the second channel, or
closed, so that none of the heat carriers tlows through the
sorption module.

In addition, the above-mentioned problem 1s solved by the
use of such a valve 1n an adsorption heat pump, 1n order to
switch over between a high temperature heat carrier and a
medium temperature heat carrier.

Further important features and advantages of the imven-
tion will emerge from the subclaims, from the drawings and
from the associated figure description with the aid of the
drawings.

It shall be understood that the features mentioned above
and to be explained further below are able to be used not
only 1n the respectively indicated combination, but also 1n
other combinations or 1n 1solation, without departing from
the scope of the present mnvention.

Preferred example embodiments of the invention are
illustrated in the drawings and are explained further in the
following description, wherein the same reference numbers
refer to i1dentical or similar or functionally identical com-
ponents.

BRIEF DESCRIPTION OF THE

DRAWINGS

There are shown, respectively diagrammatically

FIG. 1 1illustrates a schematic diagram of an adsorption
heat pump;

FIG. 2 illustrates a schematic diagram of a sorption
module of the adsorption heat pump;

FIG. 3 1llustrates an example arrangement of three sorp-
tion modules:

FIG. 4 illustrates a temperature profile in the sorption
phase, 1n the adsorption phase, 1n the desorption phase and
on a change from the adsorption phase to the desorption
phase;

FIG. 5 illustrates a basic sectional illustration through a
valve according to the invention;
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FIG. 6A through 6E illustrate difierent positions in which
a valve according to the invention can be situated;

FIG. 7 1illustrates a valve opening characteristic with a
Progressive Course;

FIG. 8A through 8C illustrate an enlarged illustration of
the region A of FIG. 5 with three different positions of a
valve unit of the valve;

FIGS. 9A and 9B illustrate an enlarged illustration of the
region A of FIG. 5 to clarity the course of the valve surface;

FIG. 10 1llustrates a valve opening characteristic of a
valve with a step;

FIGS. 11A and 11B illustrate an enlarged illustration of
the region A 1n a different embodiment of the valve with a
step-shaped characteristic, as 1s 1llustrated 1n FIG. 10.

DETAILED DESCRIPTION OF THE DRAWINGS

An adsorption heat pump 10 1llustrated 1in FIG. 1 has a
high temperature heat source 12, a medium temperature heat
sink 14 and a low temperature heat source 16. In addition,
the adsorption heat pump 10 has at least one, for example
three, sorption modules 18. The at least one sorption module
18, illustrated by way of example in FIG. 2, comprises a
sorption zone 20, which contains a sorption means 22 and 1s
heated and cooled 1n alternation. In a desorption phase of the
sorption zone 20, the sorption zone 20 1s heated by the high
temperature heat source 12 and in an adsorption phase the
sorption zone 20 1s cooled by the medium temperature heat
sink 14. Furthermore, the sorption module 18 has a phase
change zone 24, i which a working medium 26 can
condense and vaporize. The sorption module 18 has a fluid
connection 19 between the phase change zone 24 and the
sorption zone 20, through which the working medium 26 can
arrive Irom the phase change zone 24 to the sorption zone 20
and back.

The high temperature heat source 12 controls the tem-
perature of a high temperature heat carrier 28, which circu-
lates 1n a high temperature circuit 30. The high temperature
circuit has a high temperature feed 32, in which the high
temperature heat carrier 28 1s directed to the at least one
sorption module 18, and a high temperature return 34, via
which the high temperature heat carrier 28 is returned to the
high temperature heat source 12.

The high temperature heat source 12 has a temperature
above the ambient temperature, preferably over 80° C.,
particularly preferably over 100° C., for example 110° C.
The high temperature heat source 12 can represent a waste
heat source from any desired energy conversion- or valued-
added processes or else can obtain the thermal energy, from
chemical energy, for example by combustion, or from cost-
free solar energy.

The medium temperature heat sink 14 cools a medium
temperature heat carrier 36, which circulates 1n a medium
temperature circuit 38. The medium temperature circuit 38
has a medium temperature feed 40, into which the medium
temperature heat carrier 36 1s directed from the medium
temperature heat sink 14 to the sorption module 18. Fur-
thermore, the medium temperature circuit 38 has a medium
temperature return 42, via which the medium temperature
heat carrier 36 can be directed from the at least one sorption
module 18 back to the medium temperature heat sink 14.

The temperature of the medium temperature heat sink 14
corresponds approximately to the ambient temperature. The
temperature 1s actually somewhat greater than the ambient
temperature, so that via a heat exchanger, thermal energy
can be emitted from the medium temperature circuit 38 to
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the environment. For this, the medium temperature heat sink
14 has a cooler, for example a water- or air cooler.

The low temperature heat source 16 controls the tempera-
ture of a low temperature heat carrier 44, which circulates 1n
a low temperature circuit 46. The low temperature circuit 46
has a low temperature feed 48, 1n which the low temperature
heat carrier 44 1s directed to the at least one sorption module
18. Furthermore, the low temperature circuit 46 has a low
temperature return 50, in which the low temperature heat
carrier 44 1s directed from the at least one sorption module
18 back to the low temperature source 16.

The temperature of the low temperature heat source 16
lies below the ambient temperature and serves for the
cooling, for example, of vehicles, buildings or a refrigerator
or stmilar. When something 1s cooled by means of the low
temperature heat carrier 44, this 1s heated 1n the low tem-
perature heat source 16, hence the designation “source”.

In the case of a heat pump application, the low tempera-
ture heat source 16 can also be formed by the environment
in the form of external air, geothermal heat or solar heat, the
heat of which 1s received at low temperature and 1s emitted
via the medium temperature circuit 14 at a higher heating
temperature level for heating a room or a building. In this
case, the high temperature heat source 12 1s produced by a
combustion process of a chemical energy carrier, the thermal
energy of which 1s likewise used for heating at the tempera-
ture level of the medium temperature circuit 14.

The sorption modules 18 have a first flow channel 52,
which 1s in thermal contact with the sorption zone 20, in
particular with the sorption means 22. Thereby, a heat
carrier, which tlows through the first flow channel 52, can
control the temperature of the sorption means. Furthermore,
the sorption modules 18 have a second flow channel 54,
which 1s 1n thermal contact with the phase change zone 24,
so that the phase change zone 24 can be temperature-

controlled by a heat carrier which tlows through the second
flow channel 34.

For each sorption module 18, the adsorption heat pump
10, as 1llustrated by way of example 1n FIG. 2, has a plurality
of valves 56, for example four, therefore a first valve 77, a
second VEI]VE: 79, a third valve 80 and a fourth valve 84. With
the valves 56, the two tlow channels 52, 54 are connected to
the circuits 30, 38 and 46.

The valves 56, as illustrated for example 1n FIG. 5, have
respectively a first connection 58, a second connection 60
and a third connection 62. A first channel 64 extends from
the first connection 58, a second channel 66 extends from the
second connection 60, and a third channel 68 extends from
the third connection 62. The three channels 64, 66 and 68
open 1n a central chamber 69, via which a fluidic connection
between the three channels 1s produced or 1s able to be
produced.

The valves 56 make possible a plurality of switching
positions, as are illustrated by way of example in FIG. 6 A
through 6E. In a closure position 70, the first channel 64 and
the second channel 66 are closed, so that no fluidic connec-
tion 1s present between the individual channels. In a first
open position 72, the first channel 64 1s open and the second
channel 66 1s closed, so that a first fluidic connection 71
exists between the first channel 64 and the third channel 68.
In a second open position 74, the second channel 66 1s open
and the first channel 64 1s closed, so that a second fluidic
connection 73 exists between the second channel 66 and the
third channel 68. Furthermore, the valves 56 have at least
one intermediate position 75, 1 which the first channel 64
or the second channel 66 1s partially open. Thereby, a
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throttled fluidic connection exists between the first channel
64 and the third channel 68 or between the second channel
66 and the third channel 68.

Via the first valve 77 of the valves 56 an inlet 76 of the
first flow channel 52 1s connected to the high temperature
supply 32 and the medium temperature feed 40. Here, the
third connection 62 1s connected to the inlet 76 of the first
flow channel 52, so that the third channel 68 of the first valve
77 1s flmidically connected to the inlet 76 of the first tlow
channel 52. The first connection 38 1s connected to the high
temperature feed 32, and the second connection 60 1s
connected to the medium temperature feed 40. Thereby, the
first flow channel 52 of the sorption module 18 can be
switched over between the high temperature feed 32 and the
medium temperature feed 40 and thereby a heating phase
and a cooling phase can be switched over.

In the desorption phase, in which the sorption means 22
1s to be heated, a fluidic connection 1s produced between the
inlet of the first flow channel 52 and the high temperature
teed 32. In the adsorption phase, the first valve 1s switched
such that a fluidic connection 1s produced between the first
flow channel 52 and the medium temperature feed 40, so that
the sorption means 22 can be cooled by the medium tem-
perature heat carrier 36.

An outlet 78 of the first tlow channel 52 1s connected via
the second valve 79 of the valves 56 to the high temperature
return 34 and the medium temperature return 42. Here, the
third connection 62 of the second valve 79 1s connected to
the outlet 78 of the first flow channel 52, and the first
connection 58 of the second valve 79 1s connected to the
high temperature return 34, and the second connection 60 of
the second valve 79 1s connected to the medium temperature
return 42. This second valve 79 1s switched in accordance
with the first valve 77 1in the desorption phase to the high
temperature return 34 and 1n the adsorption phase to the
medium temperature return 42.

Furthermore, the adsorption heat pump 10 has for each
sorption module 18 the third valve 80, which connects an
inlet 82 of the second flow channel 54 to the medium
temperature feed 40 and to the low temperature feed 48. In
a condensation phase, mm which the working medium 26
condenses 1n the phase change zone 24, the third valve 80 1s
switched such that a fluidic connection exists between the
second flow channel 54 and the medium temperature feed
40. Thus, the phase change zone 24 can be cooled by the
medium temperature heat carrier 36. In a vaporization phase,
the third valve 80 1s switched such that a fluidic connection
exists between the second flow channel 54 and the low
temperature feed 48. Thereby, 1n the vaporization phase, the
working medium 26 vaporizing in the phase change zone 24
can receive heat from the low temperature heat carrier 44
and thereby cool 1it.

In addition, the adsorption heat pump has for each sorp-
tion module the fourth valve 84, which connects an outlet 86
of the second flow channel 54 to the medium temperature
return 42 and to the low temperature return 50. In accor-
dance with the third valve 80, the fourth valve 84 1in the
condensation phase switches a fluidic connection between
the second flow channel 54 and the medium temperature
return 42, and in the vaporization phase a fluidic connection
between the second tlow channel 54 and the low temperature
return 0.

During operation of the adsorption heat pump 10, the
sorption modules 18 are operated cyclically. The desorption
phase and the adsorption phase alternate. In the adsorption
phase, the first valve 77 and the second valve 79 are
switched such that the sorption zone 20 1s cooled by the
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medium temperature heat carrier 36. Thereby, the sorption
means 22 can adsorb the working medium 26, whereby the
pressure within the sorption module 18 1s reduced. Thereby,
the liquid working medium 26, localized 1n the phase change
zone 24, can vaporize, whereby the working medium 26 can
receive thermal energy. Thereby, the phase change zone 24
1s cooled. Through the cooling of the phase change zone,
thermal energy can be accordingly recerved from the low
temperature heat carrier 44, whereby the latter 1s cooled.

For this, in the vaporization phase the third valve 80 and
the fourth valve 84 are switched such that the low tempera-
ture heat carrier 44 flows through the second tlow channel 54
and thereby 1s 1n thermal contact with the phase change zone
24. The adsorption phase takes place accordingly substan-
tially simultaneously with the vaporization phase, 1n which
the desired eflect, namely of the cooling of the low tem-
perature heat carrier 44, 1s achieved. This phase 1s also
named the useful phase.

In a regeneration phase, on the other hand, the sorption
zone 20 1s heated, so that the desorption phase of the
sorption zone 20 1s mnitiated. This 1s achieved in that the first
valve 77 and the second valve 79 are switched such that the
high temperature heat carrier 28 tlows through the first flow
channel 52 and therefore i1s i1n thermal contact with the
sorption means 22 and can heat the latter. Thereby, the
sorption means 22 delivers the working medium 26, so that
the pressure 1n the sorption module 18 rises and therefore the
working medium 26 can condense.

In order to condense the working medium 26 1n the phase
change zone 24, 1n the thereby imtiated condensation phase,
the third valve 80 and the fourth valve 84 are switched such
that the medium temperature heat carrier 36 flows through
the second flow channel 34 and 1s therefore in thermal
contact with the phase change zone 24 and can cool this.
Thereby, it can be achieved that the working medium 26
condenses 1n the phase change zone 24 and 1s available there
in the usetul phase for vaporization.

On a changeover from the regeneration phase to the useful
phase and vice versa, the sorption zone 20 must be brought
from the desorption phase 1nto the adsorption phase or vice
versa, and the phase change zone 24 from the condensation
phase to the vaporization phase or vice versa. These are
distinguished respectively by a considerable temperature
difference, so that through a simple simultaneous switching
over of the respectively corresponding valves 77 and 79 and
80 and 84 between the regeneration phase and the useful
phase as a result of the sensitive heat capacities, consider-
able amounts of heat are diverted into the respectively
complementary circuit. Thereby, in particular, high tempera-
ture heat 1s lost from the high temperature heat source 12 to
the medium temperature heat sink 14 and from the latter to
the low temperature heat source 16.

In order to reduce the respective heat losses, during the
transition between the regeneration phase and the usetul
phase and vice versa, so-called cross-connections are set, in
which for example the first flow channel 52 1s connected at
the inlet side to the high temperature feed 32 and at the outlet
side to the medium temperature return 42. Thereby, on a
changeover between the phases, the unproductive diversion
of heat from a circuit of higher temperature into a circuit of
lower temperature can be reduced.

On the changeover from the adsorption phase to the
desorption phase, the high temperature heat carrier 28 heats
the sorption zone 20. Thereby, the high temperature heat
carrier 28 cools down. This lost heat must be applied, but
does not bring about any thermal pumping output. Conse-
quently the efliciency 1s thereby reduced.
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When the high temperature heat carrier 28 flows slowly
through the first flow channel 52, the high temperature heat
carrier cools down approximately to the temperature of the
sorption zone 20, namely the temperature of the medium
temperature heat carrier 36. In the sorption zone 20, a
temperature gradient 85 then forms, wherein on the inlet side
the temperature can be at the temperature 87 of the high
temperature heat carrier 28 and on the outlet side the
temperature of the sorption zone 20 can be at the tempera-
ture 89 of the medium temperature heat carrier 36, as 1s
shown for example i FIG. 4. During the temperature
change phase, the temperature gradient 85 shifts from an
inlet side 81 of the sorption zone 20 up to an outlet side 83
of the sorption zone 20, so that during almost the entire
temperature change phase from adsorption to desorption, the
high temperature heat carrier 28, which emerges from the
first flow channel 52, has the temperature 89 of the medium
temperature heat carrier 36. Thereby, it 1s expedient to return
the high temperature heat carrier 28, cooled 1n the sorption
zone 20, into the medium temperature circuit 38 1nstead of
into the high temperature circuit 30.

Accordingly, on a changeover form the desorption phase
to the adsorption phase, therefore on a cooling of the
sorption zone 20, the heat which 1s stored 1n the sorption
module 18 can be returned through a corresponding cross-
connection into the high temperature circuit 30. Thereby, the
thermal energy which was withdrawn from the high tem-
perature circuit 30 during the heating of the sorption zone
20, 1s returned again during cooling of the sorption zone 20.
Consequently, the harmiful diverting of heat during the
temperature changeovers can therefore be reduced.

This effect can be utilized particularly efliciently when
during a temperature change phase the heat carrier tlows
only 1n a throttled manner through the first flow channel 52.

Through these cross-connections, volume flows are
shifted to and from the high temperature circuit 30 to the
medium temperature circuit 38 and vice versa. For this, for
example, compensating reservoirs can come nto use, which
permit a temporary mass displacement between two circuits.
Over one cycle, however, the displacements balance out.
Furthermore, when a plurality of sorption modules are used.,
these are usually used in a phase-shifted manner, so that the
displacement of the heat carriers between the circuits also
balances out at any moment. This 1s the case in particular
when the cross-connection phases of two modules, which
are switched over in a complementary manner, take place
simultaneously, for an equal length and with the same
volume tlow. In practice, several of these provisions can also
be combined.

Through a corresponding connecting of the third valve 80
and fourth valve 84, heat can also be recovered from the
phase change zone 24 at the temperature changeovers. As
the phase change zone 24 is also heated or cooled by the
phase change of the working medium 26, only a small
portion of the heat can be recovered. The greater the heat
output through the phase change compared to the heating
output through the heat carrier, the less heat can be recov-
ered. Therefore, a greater tlow speed of the heat carriers
would be expedient. However, with too great a tlow speed,
the heat carrier can not fully assume the temperature of the
phase change zone. Consequently, a compromise must be
found, 1n which the flow speed of the heat carrier delivers the
best result. Finely incrementable intermediate positions of
the valves 56 are therefore advantageous.

The valves 56 have a first valve unit 88, with which the
first channel 64 can be opened and closed. Thereby, the first
valve unit 88 can control a fluidic connection between the
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first channel 64 and the third channel 68, so that a fluidic
connection between the first connection 38 and the third
connection 62 can also be controlled by the first valve unit
88. The first valve unit 88 has a first valve body 90 and a first
valve seat 92. When the first valve body 90 1s pressed into
the first valve seat 92, the first valve body 90 closes the
opening formed by the first valve seat 92 and therefore
closes the first channel 64. When the first valve body 90 1s
raised from the first valve seat 92, an annular gap 94 forms
between the first valve body 90 and the first valve seat 92,
through which a fluid can flow. The valves 56 have respec-
tively a spring element 96, which acts upon the first valve
body 90 with a closing force which presses the first valve
body 90 into the first valve seat 92.

In addition, the valves 56 have a second valve unit 98 with
a second valve body 100 and a second valve seat 102. The
second valve unit 98 1s designed 1n accordance with the first
valve unit 88 such that 1t can open and close the second
channel 66 of the valves 56. The second valve seat 102
surrounds the flow cross-section of the second channel 66.
When the second valve body 100 1s pressed into the second
valve seat 102, the second valve body 100 closes an opening
formed by the second valve seat 102 and therefore also
closes the second channel 66.

The second valve unit 98 can accordingly open and close
the second channel 66. Thereby, the second valve unit 98 can
control a fluidic connection between the third channel 68
and the second channel 66. Accordingly, a fluidic connection
between the second connection 60 and the third connection
62 1s controlled by the second valve unit 98.

The spring element 96 of the valves 56 also acts upon the
second valve body 100 with a closing force which presses
the second valve body 100 1n the direction of the second
valve seat 102.

The spring element 96 1s arranged between the first valve
body 90 and the second valve body 100, so that the spring
clement 96 can press both the first valve body 90 and also
the second valve body 100 into the respective associated
valve seat 92, 102, 1n order to close the respective valve
units 88 and 98. Accordingly, the two valve units 88 and 98
are arranged lying opposite one another, so that the spring
clement 96 arranged between the first valve body 90 and the
second valve body 100 can respectively exert a closing force
on the valve bodies. The opening directions of the two valve
units 88, 98 are accordingly 1n opposition.

The valves 56 have respectively an actuating drive 104
with a control rod 106 and with a drive 108, which drives the
control rod 106. The control rod 106 engages through the
first valve body 90 and the second valve body 100 and 1is
mounted 1n a sliding manner 1n axial direction in the first
valve body 90 and 1n the second valve body 100. In addition,
the actuating drive 104 has a first carrier element 110 and a
second carrier element 111, which are held securely on the
control rod 106 and are arranged such that, between the two
carrier elements 110, 111, the first valve body 90, the spring
clement 96 and the second valve body 100 are arranged.

The carrier elements 110, 111 have such a radial extent
that, when the control rod 106 1s displaced 1n axial direction,
the first valve body 90 1s raised by the first carrier element
110, or the second valve body 100 by the second carrier
element 111, from the respective valve seat 92 or 102, and
thereby aeeerdingly the first channel 64 or the seeend
channel 66 1s opened.

The drive 108 1s designed such that a holding moment,
without power, of the drive 108 i1s suflicient 1n order to
overcome the closing forces of the spring element 96, so that
the actuating drive 104 can hold the first or the second valve
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unit 88, 98 1n a position 1n which the first valve body 90 or
the second valve body 100 i1s raised from the respective
valve seat 92, 102. Thereby, the valve 56 can pause 1n an
open position, therefore 1n a position 1n which either the first
channel 64 or the second channel 66 1s open, without
consuming energy. This enables an energy-eflicient control
of the adsorption heat pump, whereby overall the efliciency
of the adsorption heat pump 1s 1improved.

Accordingly, intermediate positions, in which the valve
bodies 90, 100 are only partially raised from the respective
valve seat 92, 102, can also be held in the position without
power.

The drive 108 has, for example, a stepping motor 107
which, due to the type of construction, has a certain holding,
moment. By selection of a corresponding gear umt 109, in
particular of the transmission of the gear unit 109, a holding
moment of the actuating drive 104 can thereby be achieved,
which 1s suflicient in order to hold the valve units 1n all
positions without power, 1n particular 1n a currentless man-
ner.

In addition, a gear unit can also be selected which 1s
self-inhubiting. Thereby, likewise, the position of the valve
units 88, 98 can not be altered by the spring force of the
spring element 96 or compressive forces which act on the
valve bodies 90, 100.

The force which the actuating drive 104 can exert 1s
greater than the closing force exerted by the spring element
96 1n addition to compressive forces caused by pressure
differences between the third channel 68 and the first chan-
nel 64 or the second channel 66.

In addition, the actuating drive 104 has centering cle-
ments 112, which center the control rod 106 and thereby also
the first valve body 90 and the second valve body 100, so
that a precise positioning of the valve bodies 90, 100 to the
respective valve seats 92, 102 1s provided.

The centering elements 112 can be formed, for example,
by spring lugs. In particular these spring lugs are arranged
on the carrier elements 110, 111.

The two valve units 88 and 98 have respectively a valve
opening characteristic 114, which defines a flow coetlicient
116 of the respective valve unit depending on an adjustment
path 118. The adjustment path 118 corresponds to the
deflection of the respective valve bodies 90, 100 out from
the respective valve seat 92, 102. The flow coeflicient k| 1s
provided by the following formula:

k,=0(p/Ap)"~,

wherein Q 1s the eflective area with the regard to flow of
the respective valve unit, p 1s the density of the fluid, and Ap
1s the pressure gradient applying at the valve unit. The
cllective area with regard to flow takes into account here
both the flow cross-section and also other geometric char-
acteristics influencing tlow.

Preferably, the two valve units 88, 98 and hence the valves
56 have a valve opening characteristic 114, which 1s not
linear. In particular, the valve opening characteristic 114 has
varying gradients.

In regions 1n which the valve opening characteristic 114
has a small gradient, theretfore 1s flat, the flow coeflicient 116
alters only slightly on a change of the adjustment path 118,
compared to regions 1n which the valve opening character-
istic 114 has a greater gradient and 1s therefore steeper.

By selection of the course of the valve opening charac-
teristic 114, regions can therefore be reached 1n which the
flow coeflicient 116 can be adjusted particularly precisely.

In FIG. 7 for example a progressive valve opening char-
acteristic 114 1s 1llustrated. With small adjustment paths 118
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and hence with small flow coeflicients 116, the valve open-
ing characteristic 114 1s flat, so that over the adjustment path
118 and hence by the actuating drive 104 the tlow coelh

icient
116 of the valve can be adjusted very precisely.

This 1s
advantageous 1n particular in the temperature change phases
in which the flow speed of the respective heat carrier 1s to be
small and 1s to be able to be adjusted as precisely as possible.
In the region of high flow coeflicients 116, the valve opening
characteristic 114 1s steeper. Thereby, the tflow coetlicient
116 can 1indeed no longer be adjusted so precisely, 1nstead
the required adjustment path 118 reduces 1n order to fully

open the valve 56 or respectively the respective valve unit
88, 98.

The shape, 1n particular the course of the valve opening
characteristic 114 1s provided by the geometry of the valve
bodies and of the valve seats. In particular, the course or the
shape of a valve surface 120 of the valve bodies 90, 100 1s
relevant for the course of the valve opening characteristic
114. The valve bodies 90, 100 have respectively a nm 122,
with which the valve bodies 90, 100 lie against the respec-
tive valve seats 92, 102 and thereby seal the opening A seal
124 may p0351b1y be provided, in order to improve the
sealing eflect.

Proceeding from the rim 122, the valve surface 120
extends axially in the closing direction of the respective
valve unit and radially inwards. In particular, the valve
surface 120 can be designed so as to be convex. The valve
surface 120 projects mto the valve seat 92, 102 in the
respective valve unit, when the respective valve body 90,
100 lies 1n the valve seat.

When the valve body 90, 100 i1s partially raised out from
the valve seat 92, 102, the annular gap 94 forms. The width
of the annular gap 1s provided by the distance of the valve
surface 120 to the respective valve seat 92, 102, 1n particular
by the radial distance.

Through the fact that the valve surface 120 extends both
in axial direction and also in radial direction inwards, the
annular gap widens with an increasing adjustment path 118
of the respective valve bodies 90, 100 out from the valve seat
92, 102. The inclination of the valve surface 120, therefore
an angle 127 to a valve axis 126, which corresponds
substantially to an axis of the control rod 106 and also
determines the direction of the adjustment path 118 of the
two valve bodies 90, 100, determines the gradient of the
valve opening characterlstlc 114. When the angle 127 of the
valve surface 120 to the valve axis 126 i1s large, the gradient
of the valve opening characteristic 114 1s large. The gradient
of the characteristic corresponds here approximately to the
tangent of the angle 127 of the valve surface 120 to the valve
axis 126.

If now the valve surface 120 1s curved, for example
convex, the valve surface 120 has an angle 127, varying in
axial direction, to the valve axis 126. Thereby, the gradient
of the valve opening characteristic 114 also varies depending
on the adjustment path 118. Consequently, through adaption
of the valve surface 120, the valve opening characteristic
114 can be adjusted.

In particular, the valve surface 120 has in the vicinity of
the rim 122 a small angle 127 to the valve axis 126. This
region 1s relevant for the valve opening characteristic 114,
with small adjustment paths 118 of the respective valve body
90, 100 from the respective valve seat 92, 102. In regions
which have a greater distance to the rim 122, the valve
surface 120 has a greater angle 127 to the valve axis 126, so
that with greater adjustment paths 118 the gradient of the
valve opening characteristic 114 becomes greater.
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In another variant of the valves 56, as are illustrated for
example 1 FIGS. 10, 11A and 11B, the valve opening
characteristic 114 has steps 125, 1 particular a plateau
region 128.

This can be expedient for example when a previously
known defined flow coeflicient 116 1s to be reliably adjusted.
By the plateau 128 a wide region 1s produced for the
adjustment part 118, 1n which the desired tlow coeflicient
116 of the valve 56 1s achueved. This can be achieved 1n that
the valve bodies 90, 100 have a valve surface 120 with steps
130. In particular, the valve surfaces 120 have a region 132,
in which the angle 127 to the valve axis 126 1s very small,
in particular 0°. Alternatively, provision can also be made to
adjust a negative angle 127, 1n order to achieve as flat a
plateau 128 as possible.

Otherwise, this variant coincides with the previously
described variant.

The 1nvention claimed 1s:

1. A valve for an adsorption heat pump comprising:

a first channel, a second channel, and a third channel;

a first valve unit including a first valve body and a first
valve seat, wherein the first valve unit 1s structured and
arranged to open and close the first channel;

a second valve umt including a second valve body and a
second valve seat, wherein the second valve unit 1s
structured and arranged to open and close the second
channel;

a spring element pre-stressed between the first valve body
and the second valve body, wherein the spring element
1s structured and arranged to provide a first closing
force upon the first valve body 1n a first direction of the
first valve seat, and a second closing force upon the
second valve body 1n a second direction of the second
valve seat;

an actuating drive having a control rod, wherein the
control rod extends through the first valve body and the
second valve body;

a first carrier element and a second carrier element each
secured to the control rod, wherein the first valve body,
the second valve body, and the spring clement are
arranged between the first carrier element and the
second carrier element;

wherein the valve 1s structured to adjust to a closed
position, a {irst open position, a second open position,
and at least one intermediate position;

wherein 1n the closed position, the first valve unit and the
second valve unit are closed;

wherein 1n the first open position, the first valve unit 1s
tully open;

wherein 1n the second open position, the second valve unit
1s Tully open;

wherein 1n the at least one intermediate position, one of
the first valve unit and the second valve unit 1s partially
open;

wherein the actuating drive 1s structured and arranged to
hold the valve 1n the closed position, the first open
position, the second open position, and the at least one
intermediate position without power;

wherein the actuating drive includes a stepping motor and
a gear unit, wherein the stepping motor and the gear
unit are structured and arranged to hold the valve 1n the
closed position, the first open position, the second open
position, and the at least one intermediate position via
a currentless holding moment;
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wherein the first valve unit and the second valve unit have
a non-linear valve opeming characteristic defining a
flow coeflicient that 1s dependent on an adjustment
path; and

wherein the non-linear valve opening characteristic

includes at least one flat region.

2. The valve according to claim 1, wherein the actuating
drive includes a stepping motor linear dnive.

3. The valve according to claim 1, wherein the actuating,
drive includes a plurality of centering elements constructed
and arranged to center the control rod within the first valve
body and the second valve body.

4. The valve according to claim 3, wherein the plurality of
centering elements include a plurality of spring lugs
arranged on the first carrier element and the second carrier
clement.

5. The valve according to claim 3, wherein the plurality of
centering clements further center at least one of the first

valve body and the second valve body.

6. The valve according to claim 1, wherein the non-linear
valve opening characteristic includes a gradient varying over
the adjustment path.

7. The valve according to claim 6, wherein the gradient of
the non-linear valve opening characteristic rises when the
adjustment path rises.

8. The valve according to claim 1, wherein:

at least one of the first valve body and the second valve

body includes a valve surface;

the valve surface extends at an angle 1n relation to a

respective valve axis of the at least one of the first valve
body and the second valve body; and

the angle varies 1 an axial direction of the respective

valve axis.

9. The valve according to claam 1, wheremn the first
channel, the second channel, and the third channel each open
into a central chamber.

10. An adsorption heat pump with a valve according to
claam 1, wherein the valve 1s structured and arranged to
switch between a high temperature heat carrier and a
medium temperature heat carrier.

11. The valve according to claim 1, wherein the first
carrier element and the second carrier element extend radi-
ally outward from the control rod.

12. The valve according to claim 1, wherein the flat region
1s a step.

13. The valve according to claim 1, wherein the current-
less holding moment 1s greater than 1) a combination of the
first closing force of the spring element and a pressure
differential force acting on the first valve body, and 11) a
combination of the second closing force of the spring
clement and a pressure diflerential force acting on the
second valve body, such that the stepping motor and the gear
unit maintain a position of the first valve unit and a position
of the second valve unit without power.

14. The valve according to claim 1, wherein:

the control rod extends through the first valve body and

the second valve body 1n an axially adjustable manner
with respect to the first valve body and the second valve
body;

the first carrier element and the second carrier element

extend radially outward from the control rod;

the first carrier element contacts the first valve body and

lifts the first valve body from the first valve seat
opening the first channel, the second carrier element 1s
adjusted axially away from the second valve body, and
the second valve body remains seated in the second
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valve seat closing the second channel when the control
rod 1s adjusted 1n a first axial direction; and

the second carrier element contacts the second valve body
and lifts the second valve body from the second valve
seat opening the second channel, the first carrier ele-
ment 1s adjusted axially away from the first valve body,
and the first valve body remains seated 1n the first valve
seat closing the first channel when the control rod 1s
adjusted 1n a second axial direction.

15. A valve for an adsorption heat pump comprising:

a first channel, a second channel, and a third channel, and
wherein the first channel, the second channel, and the
third channel each open into a central chamber;

a first valve unit including a first valve body and a first
valve seat, wherein the first valve unit 1s structured and
arranged to open and close the first channel;

a second valve umt including a second valve body and a
second valve seat, wherein the second valve unit 1s
structured and arranged to open and close the second
channel;

wherein at least one of the first valve body and the second
valve body includes a valve surface, and wherein the
valve surface extends at an angle in relation to a
respective valve axis of the at least one of the first valve
body and the second valve body and varies 1n an axial
direction;

a spring element pre-stressed between the first valve body
and the second valve body, wherein the spring element
1s structured and arranged to provide a first closing
force upon the first valve body 1n a first direction of the
first valve seat, and a second closing force upon the
second valve body 1n a second direction of the second
valve seat:

an actuating drive having a control rod, wherein the
control rod extends through the first valve body and the
second valve body, and wherein the actuating drive
includes a plurality of centering elements structured
and arranged to center the control rod within the first
valve body and the second valve body;

a first carrier element and a second carrier element each
secured to the control rod, wherein the first valve body,
the second valve body, and the spring clement are
arranged between the first carrier element and the
second carrier element;
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wherein the valve 1s constructed and arranged to move
between a closed position, a first open position, a
second open position, and at least one intermediate
position;

wherein 1n the closed position, the first valve unit and the
second valve unit are closed;

wherein 1n the first open position, the first valve unit 1s
tully open;

wherein 1n the second open position, the second valve unit
1s Tully open;

wherein 1n the at least one intermediate position, one of

the first valve unit and the second valve unait 1s partially
open;

wherein the actuating drive 1s structured and arranged to
hold the valve in the closed position, the first open
position, the second open position, and the at least one
intermediate position without power; and

wherein the actuating drive includes a stepping motor and
a gear unit, wherein the stepping motor and the gear
unit are structured and arranged to hold the valve in the
closed position, the first open position, the second open
position, and the at least one intermediate position via
a currentless holding moment.

16. The valve according to claim 13, wherein the plurality
of centering elements further center at least one of the first
valve body and the second valve body.

17. The valve according to claim 15, wherein the plurality
of centering elements include a plurality of spring lugs
arranged on the first carrier element and the second carrier
clement.

18. The valve according to claim 135, wherein the first
valve unit and the second valve unit have a valve opening
characteristic defining a flow coelflicient that 1s dependent on
an adjustment path, and wherein the valve opening charac-
teristic 1s non-linear and includes at least one tlat region.

19. The valve according to claim 18, wherein the valve
opening characteristic includes a gradient varying over the
adjustment path.

20. The valve according to claim 18, wherein the flat
region 1s a step.
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